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Theoretical Point Spread Function vs Radius

TPF CORONAGRAPH THEORY

TPF Point Spread Functions: (a) 6x4 m telescope, (b) coronagraph
and (c ) actively corrected coronagraph

TPF Instrument PSF (c ): Overlay:  an exo-planetary system at 5 pc
with Venus, Earth, Mars and Jupiters at 2.5, 5.0, 7.5, 10.0, and 12.5

AU respectively from left to right.

(a)

(b)

(c )

•• Guest Testing of Coronagraph ConceptsGuest Testing of Coronagraph Concepts

•• 1:1000 Wavefront Sensing and Control1:1000 Wavefront Sensing and Control

•• Stable Vacuum EnvironmentStable Vacuum Environment

•• Flexible layout to try alternate conceptsFlexible layout to try alternate concepts
Goal:  Contrast = 10Goal:  Contrast = 10-10-10 at Q=1, 0.2 =  at Q=1, 0.2 = Dl/lDl/l

High Contrast Imaging Testbed at JPLHigh Contrast Imaging Testbed at JPL
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CORONAGRAPH MASKS AND STOPSCORONAGRAPH MASKS AND STOPS

REPRESENTATIVE PUPIL MASK CONCEPTSREPRESENTATIVE PUPIL MASK CONCEPTS
TO BE FABRICATED AND TESTEDTO BE FABRICATED AND TESTED

PLANNED ACTIVITIES:PLANNED ACTIVITIES:

••  DEVELOP THEORIES, ANALYSES, MODELS  DEVELOP THEORIES, ANALYSES, MODELS

••  FABRICATE DEVICES  FABRICATE DEVICES

••  MEASURE DEVICES   MEASURE DEVICES –– PROVIDE TO MODELS PROVIDE TO MODELS

••  TEST PERFORMANCE IN TESTBED  TEST PERFORMANCE IN TESTBED

••  COMPARE PERFORMANCE WITH MODELED  COMPARE PERFORMANCE WITH MODELED
PREDICTIONSPREDICTIONS

••  ITERATE  ITERATE

Spergel-Kasdin

Graphics: Rick Lyon of GSFC

Binary Mask Performance, Including
Approximate Full-Wave effects

(Lyot Stop Fields)

dB

Total Field Amplitude Far from Mask

ZygoZygo Interferometer data 7-30-03, Interferometer data 7-30-03,
 ~32 mm CA ~32 mm CA

P-V 
 0.167 mm

RMS 
 0.018 mm

Wave front sensing and control –
sense wave front errors – use

deformable mirror to compensate

TPF Mirror TDM Mirror
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PMA FACTORY WAVEFRONT ERROR (SURFACE)
Specification 10.00 4.79 1.44
Performance 10.00 4.79 1.44
PM Figure (drawing Spec) 7.17 3.13 1.03
Total Test Set Uncertainty 6.45 3.45 1.00
 Test Set Uncertainty - Optical 6.20 3.43 1.00

PM Test Set Uncertainty - Mechanical 1.77 0.40 0.02
PMA Test Set Uncertainty - Mechanical 1.44 1.20 0.26

Performance 2.66 1.10 0.12
PM Mount Strain 1.63 0.85 0.11
PMA Operational Environment 2.10 0.70 0.04

Errors in nm rms

Surface Quality Error Budget Summary
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Sequence for stowing in launch shroud – Delta IV
Heavy

Conceptual
Design

Modeling
Efforts

Static terms
-Values remain after calibration

This scatter refers to
incoherent stray light not from
Zodi or exo -zodi .

Contrast
1.00E-10

WFE (contrast) Background (contrast) Reserve
6.49E-11 1.50E-11 2.00E-11

Dynamic /Thermal Error Source-related Scattering
4.87E-11 1.00E-11

Scattering from Other Sources

Mask Leakage 5.00E-12
6.36E-12

Leakage Due to Dynamics Leakage Due to Thermal Effects
2.01E-11 2.01E-11

Structural Deformation Structural Deformation
2.08E-12 2.08E-12

Deformation of Optics Deformation of Optics

8.59E-12 8.59E-12

Structural Deformation aberrations Structural Deformation aberrations 
9.38E-12 9.37716E-12

Rigid Body Beamwalk
2.28E-12

Static Error
1.62E-11

Wave Front Sensing/Control
1.12E-11

Mask Imperfections
3.50E-12

Amplitude Uniformity (lifetime)
1.50E-12

Dynamic terms
apply during
observation

Assumed Q=1.0

Sensitivity
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Systems Engineering

Target Stars

TPF CoronagraphTPF Coronagraph
 Integrated Modeling Process Flow Integrated Modeling Process Flow

Test Case
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Mission

• orbit
• slews
• ops
• …

• C (4l/D)
• Beam Walk
• DM – LOS Pupil Shear
• Occulting spot boresight
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Error Model

Environ-
mental
Effects

Geometry, materials,
stiffness, CTE, creep,
property variations,
property accuracy,
radiation, hysteresis, DM
actuator perf, PM
actuation, orthotropy,
hygroscopy, ….

• RWA
• orbits
• thermal gradients
• thermal transients
• microdynamics
• …

Test Case
Metrics

Inputs/definitions
Optical analysis
Thermo-mech
 analysis
Analysis outputs

Steady-state Beta =90
degree,

Roll –Y to +Y, RMS WFE
= 22.3 pm

Performance Modeling and Validation
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TPF PRIMARYTPF PRIMARY
MIRRORMIRROR

•• 6 meter x 3.56 meter x 3.5
metermeter

•• ULEULE

•• OAPOAP

TDM STATUS:TDM STATUS:

•• Industry studyIndustry study
completecomplete

–– vendor onvendor on
contractcontract

•• PathfinderPathfinder

–– FabricationFabrication

–– MetrologyMetrology

–– ProcessesProcesses

–– CoatingCoating


